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Abstract
Autoimmunity is observed by almost one-third of patients with  CVID. Different mechanisms in-
cluding genetic defects and dysregulation of innate and adaptive immunity leads to autoimmunity in 
these patients CVID. The clinical phenotypes of autoimmunity in CVID patients comprise fall in a 
wide spectrum, from organ-specific autoimmunity to systemic complications. The most common au-
toimmunity is autoimmune cytopenia in CVID patients. In this article, we have provided a collection 
of the most significant and recent information about prevalence, genetics, pathogenesis and clinical 
manifestations of autoimmunity in CVID patients, and provided an overview on its management and 
future perspective. 
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Common Variable Immunodeficiency (CVID) and 
Autoimmunity

Introduction
CVID is a heterogeneous group of primary im-
mune deficiencies (PIDs) that is considered as 
the most common symptomatic PID (1). It is  
characterized by a reduction in two major serum 
immunoglobulin isotypes, usually IgG and IgM 
and/or IgA along with diminished or lack of an-
tibody production (2). The incidence of CVID is 

estimated to be between 1:25,000 to 1:50,000 t 
and its prevalence is rather equal in males and 
females (3).  Although most PIDs are detected in 
the early years , CVID patients are often diag-
nosed in the third or fourth decade of live. The 
majority of patients (70 % - 80%) suffer from si-
nopulmonary infections and others (30% -50%) 
have more non-infectious complications includ-
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ing gastrointestinal ailments, inflammatory/ auto-
immune diseases, lymphoproliferative disorders, 
allergic symptoms and malignancies (4). Despite 
the improvements in mortality rate of CVID due 
to extensive usage of IgG replacement thera-
py, which can reduce severe infections such as 
pneumonia and sepsis, non-infectious complica-
tions-dependent mortality and morbidity are still 
a grave concern for these patients (5, 6). 

Autoimmune manifestations are estimated to affect 
approximately 30% of all CVID patients (7). Idiopath-
ic thrombocytopenic purpura (ITP), autoimmune he-
molytic anemia (AIHA) and autoimmune neutropenia 
are respectively the most prevalent autoimmune disor-
ders found in CVID patients. However, autoimmunity 
can engage other tissues such as gastrointestinal tract, 
lungs and skin. In this article, we have provided a col-
lection of the most significant and recent information 
about prevalence, genetics, pathogenesis and clinical 
manifestations of autoimmunity in CVID patients, and 
presented an overview on its management and future 
perspective. 

Prevalence of Autoimmunity in CVID
It has been estimated that autoimmunity af-
fects approximately 21-37% of CVID patients. 
In 1999, Cunningham-Rundles et al.  reported 
a large cohort about CVID and demonstrat-
ed that the prevalence of autoimmunity was 
21.6% and mostly hematologic including 6% 
ITP and 4.8% AIHA (5). In 2007, Quinti et 
al. reported 25.9% autoimmunity with a pro-
found difference with other researches, as 
the most frequent manifestation was vitiligo 
(13.4%) and Sjögren’s syndrome (8.9%) (8). 
One year later,  Chapel et al. indicated that  
the prevalence of autoimmunity was 21.6%; 
including ITP, vitiligo, autoimmune thyroid-
itis, AIHA and autoimmune neutropenia(9). In 
the two studies, the prevalence of autoimmu-
nity were 36.6% (10) and 28.6% (11)  as ITP 
was a more frequent autoimmunity in both. 
ITP, vitiligo and autoimmune thyroiditis were 

the most frequent autoimmune disorders in a 
study by Ramírez-Vargas et al. (12). Recently, 
Ho et al. investigated non-infectious compli-
cations in CVID patients in the united states 
and observed autoimmunity in 33.2% of the 
patients(13). They reported that there was no 
gender difference in the prevalence of autoim-
munity and the clinical spectrum.

3. Pathogenesis of Autoimmunity in CVID
3.1. Genetic Defects
CVID is a phenotypically heterogeneous disease 
and various factors such as genetic defects and 
epigenetic changes are involved in the pathogen-
esis of this disease (14, 15). A family history has 
been found in approximately 20-25% CVID pa-
tients that reveals the role of genetics, but most 
cases were sporadic (3). Genetic impairments in 
the development of B and T cells, signaling path-
way, and B cell class switch recombination as 
well as somatic hypermutation could be associat-
ed with breaking self-tolerance and manifestation 
of autoimmunity in CVID (16-18). Among the 12   
monogenic mutations associated with CVID that 
are mentioned on the Online Mendelian Inheri-
tance in Man (OMIM) database(19), we focus on 
those related to autoimmunity. Genetic defects 
associated with autoimmunity in CVID patients 
are presented in Table 1.

Defects in the  transmembrane activator and 
calcium-modulating ligand interactor (TACI) 
(encoded by the TNFRSF13B gene) have been 
found in almost 8 to 10% of patients (20, 21). De-
fect in TACI  causes autoimmune disorders and 
lymphoid hyperplasia because of the dysfunction 
of BCR, TLR-7 and TLR-9 and consequently 
missing the mechanism of self-tolerance (15, 22). 
Interestingly,  autoantibody-mediated autoimmu-
nity is more likely to be found in   CVID patients 
who have heterozygous mutation in the TNFRS-
F13B variant compared with those with homozy-
gous mutations, reflecting dominant negative or 
haploinsufficiency effect (23).
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CTLA-4 (cytotoxic T-lymphocyte-associated pro-
tein 4) is recognized as an   inhibitory T cell receptor, 
and LRBA (lipopolysaccharide-responsive beige-like 
anchor) is requisite for CTLA-4 cell surface expres-
sion and prevents lysosomal degradation. They are 
two connected proteins the defects of which can result 
in autoimmunity in CVID patients (24, 25). Clinically, 
patients with CVID phenotype suffer from autoim-
munity, lymphoid hyperplasia and also severe inflam-
matory bowel disease (26-28). Autosomal dominant 
syndrome due to heterozygous CTLA4 mutations l  
led to autoimmune cytopenia (62%), lung (68%) and 
gastrointestinal (59%) diseases in a large cohort study 
on CVID patients (29). In recent years, several studies 
have reported LRBA mutations in patients primarily 
diagnosed as CVID(30).

Mutations in some signaling pathways have 
been observed in CVID patients with autoimmu-
nity (31). Phosphoinositide 3-kinase (PI3K), a 

signaling molecule downstream of T and B cell 
receptors, TLR , and co-stimulatory  and cyto-
kine receptors are essential for the cell growth 
and survival of immune cells and for Th1 and 
Tfh cell  differentiation (32). GOF mutation in 
PIK3CD gene encoding PI3Kδ subunit has been 
seen in patients with CVID phenotype, nowa-
days called activated PI3Kδ syndrome (APDS). 
Patients with APDS manifest some of non-infec-
tious manifestations, including lymphoprolifer-
ation (75%), autoinflammatory disease (34%), 
and lymphoma (13%) (33-35). Another signaling 
molecule is NF-κB (Nuclear factor kappa-light-
chain-enhancer of activated B cells) that includes 
5 related proteins (36). This molecule is critical 
for diverse processes such as B cell differentia-
tion and function, cytokine production by innate 
immune cells as well as other vital cell signaling 
pathways (37). Autosomal-dominant defects in 

Table.1. Genetic defects associated with autoimmunity in CVID patients

Mutated genes Function Type of Affected cells Name of monogenetic disorder 

TACI 
A receptor on B cells that binds to BAFF 

and APRIL
B and T cells

TNFRSF13B mutation/

Loss of function

LRBA 

A molecule localized in the vesicles and 

endoplastic reticulum for trafficking and 

protection of CTLA4

T cells Aautosomal dominant/LOF

CTLA-4 

an inhibitory checkpoint protein on acti-

vated T cells and regulatory T (Treg) cells 

and bind to CD28

T cells Autosomal dominant/ LOF 

STAT3 

A transcription factor regulating cellular 

proliferation and differentiation especial-

ly in Th17

T cells and ILCs Gain of function

PI3Kδ 
A signaling enzyme downstream of T and 

B cell and other receptors
Most of immune cells Gain of function

NF-kB1  

transcriptional factors regulating diverse 

processes especially B cell differentiation 

and function and immune response to mi-

crobial and inflammatory stimuli

Most of immune cells Autosomal dominant/LOF
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NF-kB1 lead to some non-infectious complica-
tions including autoimmunity, lymphoid hyper-
plasia, lung disease, liver disease, enteropathy, 
granulomas and malignancy in CVID patients 
(38, 39). Additionally,  heterozygous NFKB2  
mutations has been accompanied by an early on-
set of hypogammaglobulinemia and autoimmune 
endocrine abnormalities (40). Since NF-κB are 
activated by ICOS receptors, mutations in this 
receptor may also be responsible for the men-
tioned disorders (41). GOF mutations in STAT3 
is thought to cause severe manifestations of auto-
immune disease by promoting the activation and 
development of autoimmunity-associated TH17 
subsets in CVID patients (42). Overall, these new 
monogenic defects share clinical phenotypes with 
CVID and they are considered as distinct entities 
that may occasionally be misdiagnosed as CVID.

3.2. Immunologic Defects
3.2.1. Defects in adaptive immunity

Abnormalities have been previously demon-
strated in a number of immune cells especially 
in lymphocyte subpopulations in CVID patients 
(43, 44). CVID patients have defective develop-
ment of class switched memory B cell (CD19+ 
CD27+ IgD-) (45), hence reduced proportion 
of total switched memory B cells (46). This re-
duction has been reported to be associated with 
certain clinical features like splenomegaly, gran-
ulomatous disease, lymphadenopathy and auto-
immune cytopenia (47). Moreover, it has been 
shown that reduced switched memory B cell per-
centage strongly correlates with autoimmunity in 
patients with CVID compared to serum IgG lev-
els (48). Indeed, patients with reduced numbers 
of switched memory B cells showed increased 
risk of autoimmune cytopenia and systemic auto-
immune disease (49). 

Another important B cell subset for CVID pa-
tients is CD21low. The number of circulating CD-
21low B cell increases in CVID patients with auto-
immune disease, suggesting an association with 
autoimmunity (50, 51). Boileau et al. reported a 
correlation between the increased proportion of 
CD21low B cells and CVID associated with auto-
immune cytopenia, but this association was not 
seen with other autoimmune diseases or sple-
nomegaly (45). Also, Warnatz et al. pointed out 
an increase in CD21low B cell of CVID patients 
with systematic lupus erythematosus (SLE) and 
rheumatoid arthritis (RA) (52). Furthermore, Ra-
khmanov et al. reported that CD21low B cells pro-
duce more IgM than naïve B cells after stimula-
tion with CD40L and IL2 (53) and CVID patients 
with autoimmunity showed higher levels of IgM 
compared with non-immune phenotypes (54), 
suggesting a pathogenic role for them as IgM 
may be involved in autoimmune cytopenia(55).

Activation-induced cytidine deaminase (AID) 
gene expression in CVID patient lymphocytes 
have been reported to be higher than healthy 
controls. When CVID patients were categorized 
according to AID protein expression, those with 
higher levels of AID showed greater numbers 
of B cells, elevated levels of IgA and increased 
incidence of autoimmune disease including ITP 
and AIHA (54). It suggests that elevated levels of 
AID may play a role in dysregulation of immune 
system and ultimately in the development of au-
toimmunity. Overexpression of B cell activating 
factor (BAFF), which promotes maturation and 
survival of B cells, has long been related to au-
toimmunity (56-60). However, Knight et al. have 
not observed an association between elevated 
BAFF levels and autoimmunity in CVID (61). 
Further studies are needed to refine the complex 
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relationship between BAFF and autoimmunity in 
CVID. 

Some CVID patients with autoimmunity 
demonstrate disturbed T cell homeostasis (44). It 
has been indicated that CVID patients with au-
toimmunity had lower total T cells compared to 
those without autoimmunity (62). Bateman et al. 
found that autoimmunity in CVID is associated 
with lower naïve CD8+ T cells and increased 
terminal differentiated CD8+ T cells, suggesting 
a hyperactivated T cell phenotype (63). Further-
more, some studies showed reduced CD4+ cells 
in CVID (64, 65). The most significant reduction 
in CD4+ T cells was found in those with autoim-
mune cytopenia and organ specific autoimmunity 
(63, 66, 67). Within CD4+ T cells, lower number 
of regulatory T cells was particularly associated 
with autoimmunity in CVID (66, 68). Genre et 
al. reported reduced levels of transcription factor 
forkhead box P3 (FOXP3) in CVID patients with 
autoimmunity compared to those without it (66). 
Moreover, dysfunction in suppressive activity of 
regulatory T cells has also been demonstrated in 
CVID patients with autoimmunity (69). In addi-
tion to the loss of naïve and regulatory T cells, 
Crotty et al. reported an increase in T helper type 
1 (TH1) and follicular T helper (TFH) in associ-
ation with autoimmunity in CVID (70).  These 
findings demonstrate the association of defective 
B and T cell with autoimmunity.

3.2.2. Defects in innate immunity
Numerous immune defects and dysregulations 
including innate and adaptive have been de-
tected in CVID patients with autoimmune dis-
orders. It has been demonstrated that differen-
tiation, maturation and function of DCs could 
be defective in some groups of CVID patients 
(71). These defects could contribute to break-
ing self-tolerance and the onset of autoimmune 
impairments in CVID patients. Additionally, the 
expression of co-stimulatory molecules such as 
CD80, CD86 and HLADR are diminished in 

these patients (72-74) . Chronic upregulation of 
interferon responsive genes has been reported in 
patients with inflammatory   and   autoimmune   
complications   compared with those without 
it (75). Increased levels of soluble   CD30 and 
CD26 can deviate the immune responses toward 
Th1, which intensifies autoimmunity condition 
(76). Increased IL-12 production by CD14+ 
monocytes  also makes such similar situation 
(77). Low MBL production, a critical component 
of innate immunity, facilitates the development 
of autoimmune disease in CVID (78). In CVID 
patients with inflammatory conditions, the num-
ber of innate lymphoid cells (ILCs) with inflam-
matory phenotype has significantly expanded 
in blood, and respiratory and gastrointestinal 
mucosa (79). Reactive oxygen species (ROS) 
generation has been remarkably increased by 
monocytes in CVID patients that may lead to 
some of non-infectious complications such as  
autoimmune disorders and pulmonary diseases 
(80). Interestingly, a connection has recently 
been found between autoimmunity and defec-
tive TLR7, TLR8, and TLR9 signaling (81). 
Defective signaling components in this pathway 
such as IRAK-4 and MYD88 may interfere with 
self-tolerance mechanisms and activate auto-re-
active B cells which eventuate to SLE or RA (81, 
82).  It has been shown that cytokines play an im-
portant role in the pathogenesis of autoimmunity 
in CVID patients. Breakdown of peripheral toler-
ance by the activation of immature myeloid DCs 
(mDCs) due to escalated levels of IFN-α/β lead 
to activation of autoreactive B and T cells, and 
develop autoimmunity in these patients (7, 83).

4. Clinical Phenotypes and their man-
agements in CVID patients with auto-
immunity
In this section, we describe some autoimmune 
diseases along with their managements in CVID 
patients. The information of diseases, prevalence, 
diagnosis, treatments are provided in Table 2.
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4.1. Hematological diseases
Autoimmune cytopenia as the most common au-
toimmunity disorder in CVID patients, accounts 
for up to 25% of CVID-associated autoimmune 
complications  (84, 85). It has been seen in three 
forms including ITP, AIHA and autoimmune neu-
tropenia (86, 87). USIDNET registry investigated 
990 CVID patients and reported autoimmune cy-
topenia (10.2%), ITP (7.4%), AIHA (4.5%) and 
autoimmune neutropenia (1%)(88). Interestingly, 
CVID patients with autoimmune cytopenia had 
a higher risk for other non-infectious complica-
tions, including granulomatous and lymphopro-
liferative diseases (88). Splenomegaly may be 
associated with enlarged liver or even abdominal 
lymphadenopathy. It demonstrates a histologic 
phenotype of granulomatous reaction in 6 % of 
cases, and is found occasionally in the patients; 
however, its pathophysiological link still remains 
unknown(8, 45, 89).  ITP or AIHA may occur as 

the first episode of CVID even before definite di-
agnosis of disease (90).

Autoimmune cytopenia is diagnosed based on 
abnormal complete blood counts (CBC). Bone 
marrow biopsy is required when more than 1 cell 
lineage is disturbed. It helps physicians to differ-
entiate autoimmune cytopenia from bone marrow 
failure or malignancy (16, 91, 92). The laboratory 
evidences of hemolysis including increased lactate 
dehydrogenase and indirect bilirubin levels, reticu-
locytosis and low levels of haptoglobin associated 
with a positive direct Coombs test and utilized for 
diagnosis of AIHA. Given the variability of labo-
ratorial testing approaches, usage of anti-platelet or 
anti-neutrophil antibodies is controversial (93, 94).

Immunosuppressive agents especially oral or in-
travenous corticosteroids (usually methylpredniso-
lone) are considered as first-line treatment for most 
autoimmune disorders in CVID patients. Some oth-
er similar agents including azathioprine and cyclo-

Table.2. Autoimmune diseases in CVID patients

AI disorders
In CVID

Diseases Prevalence Diagnosis Treatments

Hematologic disease ITP
AIHA
Evans’ syndrome
autoimmune neutro-
penia

4%-20% CBC and PBS Bone 
marrow biopsy

Immunosuppressive agents 
IVIG 
Monoclonal Abs

Gastrointestinal 
disease

IBD-like disease
Autoimmune hepatitis
Pernicious anemia

10%-12% Endoscopy with biop-
sy of the intestinal
Liver enzymes

Immunosuppressive agents
 Monoclonal Abs 
Antibiotics

Rheumatologic 
disease

RA
SLE
SS
vasculitis

10%-30% Antibody tests are not 
reliable      

IVIG
Monoclonal Abs

Lung disease Asthma
GLILD

4%-25% Radiology Physical 
examination
Biopsy

 
IVIG

 Immunosuppressive  agents

Skin disorders Psoriasis
Alopesia totalis
Lichen planus
Vitiligo
Granulomas

0%-19% Physical examination
Biopsy
Wood’s lamp for 
Vitiligo

IVIG
Immunomodulatory therapies
(topically or systematically)
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phosphamide may also be used (95, 96). These kinds 
of treatment are often beneficial but the relevant 
increased risk of infections should be considered. 
Intravenous Immunoglobulin (IVIG) is applied for 
concurrent management of autoimmunity and im-
munodeficiency, because of therapeutic effects on 
ITP and AIHA accompanied by lower incidence of 
pneumonia in CVID patients (95, 97). Much more 
effective treatment is the anti-CD20 monoclonal 
antibody (rituximab) depleting autoreactive B cells 
as the second-line treatment (7, 98). Recombinant 
granulocyte colony stimulating factor (G-CSF) is 
also practical especially in neutropenia cases (3). In 
refractory cases especially for ITP, splenectomy is 
considered as the last treatment approach although 
it must be administered cautiously by physicians 
because of susceptibility to postoperative infections 
and sepsis with encapsulated organisms (99, 100).
4.2. Gastrointestinal diseases 
Gastrointestinal disorders involve 10 %-12% of 
CVID patients. These disorders are observed in 
small intestine or colons, liver and even stom-
ach (93, 101). Intestinal inflammations usually 
reveals histological patterns resembling condi-
tions like graft-versus-host disease, lymphoid 
hyperplasia and villous atrophy, that are seen in 
classic celiac (102). Some features of this celi-
ac-like enteropathy include lymphoid aggregates, 
intraepithelial lymphocytosis and crypt distortion 
in small bowel (103). A non-specific inflamma-
tion, villous blunting and occasionally granu-
lomas manifest an inflammatory bowel disease 
(IBD)-like disorder in large intestine. However, 
decrease or lack of plasma cells and high num-
bers of CD8+ T cell infiltrating in the intestinal 
lamina propria are characteristic features in IBD-
like diseases in CVID patients (102, 104). More-
over, increased production of IL-12 and IFNγ 
(instead of IL-23 and IL-17) in lamina propria 
of CVID patients has been reported (105). These 
complications often cause severe malabsorption, 
abdominal pain, diarrhea and weight loss which 
are commonly due to infectious organisms like 

Salmonella species, Giardia lamblia, Campy-
lobacter jejuni, etc (102, 106). The diagnosis is 
based on laboratory evaluation of inflammatory 
markers associated with the lack of anti-gliadin 
antibodies (AGA), anti-tissue transglutaminase 
antibodies (AtTGA) and anti-endomysial anti-
bodies (EMA). Endoscopy with biopsy of the in-
testinal mucosa and radiologic imaging are also 
practical (7, 93). Low-dose corticosteroids are 
useful even though because of significant risk 
of infections, higher doses should be avoided. 
Oral budesonide, and other immunosuppressive 
agents as azathioprine (AZA) and 6-mercapto-
purine (6-MP) are administered in severe cases 
(107, 108). Unlike autoimmune cytopenia, IVIG 
is not helpful to ameliorate the IBD-like disease 
(109). Antibiotics are also prescribed even in the 
absence of pathogenic organisms. Pernicious 
anemia, without detectable anti-parietal cell anti-
bodies may occur in 1% to 9% of CVID patients 
due to atrophic or autoimmune gastritis. Vitamin 
B12 replacement associated with periodic mon-
itoring for Helicobacter pylori and malignant 
changes are advisable (110, 111). Autoimmune 
hepatitis (AIH) is developed in the absence of 
viral infections or drugs and may eventuate to 
ascites, cirrhosis and hepatocellular carcinoma. 
Primary sclerosing cholangitis, primary biliary 
cirrhosis, portal hypertension and nodular regen-
erative hyperplasia (NRH) are other liver-related 
disorders (112). Persistently raised blood alkaline 
phosphatase levels and mild to moderate peripor-
tal lymphocyte infiltration and cholestasis in liver 
biopsy are characteristic findings (13, 113).
4.3. Rheumatologic diseases  
Giannouli et al. in 2004 (114) and Swierkot et 
al. in 2006 (115) reported that aseptic polyartic-
ular arthiritis that resembles rheumatoid arthritis 
has been observed in 10-30% of CVID patients. 
Gutierrez et al. reported that (116) the most com-
mon rheumatologic manifestation was inflam-
matory arthritis seen in 35% of CVID patients 
with rheumatologic disease, which is in line with 
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previous studies that also describe arthritis as the 
most common rheumatologic complication in pa-
tients with CVID (11, 117). Azizi et al. recent-
ly reported that the prevalence of rheumatologic 
disorders was 10.1% with a higher frequency in 
women than men (62). Most common rheumato-
logic manifestations in this cohort were juvenile 
idiopathic arthritis (JIA) and adult rheumatoid ar-
thritis (RA) followed by juvenile spondyloarthri-
tis (JSpA) and undifferentiated inflammatory ar-
thritis (UIA) (62). Histological abnormalities of 
the synovial membrane usually differ from those 
seen in patients with typical form of rheumatoid 
arthritis (118). Since diagnosis of rheumatoid ar-
thritis is difficult in CVID patients, as serologi-
cal diagnosis is not reliable and other causes of 
arthropathy should be excluded namely (119), 
presence of human leukocyte antigen (HLA) 
DRB1*01 antigens seem to be helpful in early 
rheumatoid arthritis diagnosis (115). 

In Gutierrez et al. cohort study (116), SLE and 
SS, two autoantibody-associated diseases, were 
among the most common manifestations (with 
15.6% and 21.5% of CVID patients with rheuma-
tologic disease respectively), reaffirming that au-
toantibody-associated disorders may occur even in 
the setting of deficient immunoglobulin production. 
They also suggested that since autoantibody pro-
files are not routinely tested in CVID patients, this 
observation raises the question of whether CVID 
patients retain the ability to produce pathogenic au-
toantibodies. Also, several types of vasculitis were 
reported in 17.6% of subjects and 11.8% more had 
other rheumatologic disorders including mixed con-
nective tissue disease, undifferentiated connective 
tissue disease, Behcet’s syndrome, rheumatic fever, 
and chronic nonbacterial osteomyelitis. Of note, 
all major autoantibody-associated disorders (e.g. 
inflammatory arthritis, SLE, Sjogren’s syndrome) 
had a strong female predominance as it is seen in 
rheumatologic disorders not associated with CVID 
(116). According to Gutierrez et al. report (116), 
CVID-associated rheumatologic diseases overlap 

with other inflammatory CVID complications in 
about one-third of the patients, including organ-spe-
cific autoimmunity like optic neuritis, uveitis, IBD 
and autoimmune cytopenias.
4.4. Pulmonary disease 
The incidence of asthma has been reported to 
be between 4% and 15% in children with CVID 
(120-122). The manifestation of asthma symp-
toms are delay in CVID patients due to masking 
the underlying symptoms of immunodeficiency, 
hence any patient presenting with a chronic or 
recurrent bronchitis with wheeze should be as-
sumed to have an antibody defect until proven 
otherwise (123). Such patients must have a full 
blood count and antibody levels (IgG, IgA and 
IgM) measured as a minimum, prior to any esca-
lation of asthma medications (124).

Interstitial lung disease in CVID is a potentially 
devastating outcome, and reported in up to 25% of 
case series (125). Radiographic abnormalities and 
surgical biopsy are features of patients with lym-
phoid interstitial pneumonia, granulomatous lung 
disease, and lymphoid hyperplasia, which have 
now been grouped under granulocyte-lymphocytic 
interstitial lung disease (GLILD) (125, 126). These 
complications are observed in CVID and CVID-
like disorders. These complications are frequent-
ly presented with nonspecific symptoms such as 
cough and dyspnea, and may be mistaken for other 
forms of interstitial lung disease or granulomatous 
disease, if underlying CVID is not known or sus-
pected (127). They have a more progressive course 
and are at high risk for early mortality (125). 

Immunoglobulin replacement therapy is the first 
therapy for these patients (127). The optimal man-
agement of patients with GLILD is unclear. How-
ever, different treatment strategies for the manage-
ment of interstitial lung disease have been utilized 
and include corticosteroids, steroid-sparing immu-
nomodulation and newer biologics, and combina-
tion chemotherapy (127-129). Corticosteroids are 
used most commonly with a general improvement 
in symptoms, although most of these are anecdotal 
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reports. Immunosuppressant agents such as azathi-
oprine, rituximab, cyclosporine and methotrexate 
have been used as steroid sparing agents with vari-
able effects and should be used in consultation with 
immunologists (129-131). 
4.5. Skin disorders
Skin manifestations are commonly observed in 
PIDs, but have been less reported in CVID pa-
tients. Reports of dermatological involvements in 
CVID including psoriasis, alopecia totalis, lichen 
planus, and vitiligo have been identified in CVID 
patients (9, 65, 132).

Gualdi et al. (133) reported that psoriasis had a 
prevalence of 19.14% among CVID patients. Meg-
na et al. (132) identified 22.4% of CVID patients 
with psoriasis, as positive family history for psori-
asis was observed in 38.5% of them, plaque psori-
asis represented the most common psoriasis form 
in CVID patients. Almost all patients presented a 
mild form of the dermatosis; which could be due to 
the immune-modulatory effects of immunoglobulin 
therapy (134). Indeed, several cases of psoriasis res-
olution have been reported after immunoglobulin 
treatment (135). 

Granulomas are more frequently found in lungs 
and lymphoid tissue, but they can also be found in 
the skin (136), where these may be the presenting 
clinical manifestations of CVID. Routine dermato-
logical evaluation will allow for timely diagnosis, 
including biopsy and treatment. The general ap-
proach to treatment includes topical or systematic 
immunodulatory therapies as would be prescribed 
for immunocompetent patients (93).

Conclusion
Concurrent autoimmunity and immunodeficiency 
are related to numerous dysregulations in immune 
molecules and pathways. The precise mecha-
nisms of autoimmunity in CVID are yet unknown 
and require more investigations. However, it has 
been demonstrated that CD21low B cells expan-
sion plays a significant role in the manifestation 
of autoimmunity in CVID patients, although the 

exact mechanism is still obscure. Moreover, it has 
been shown that high incidence of infections in 
CVID leads to chronic stimulation of CD21low B 
cells and may form autoreactive clones. Despite 
the widespread and relatively successful usage of 
IVIG, autoimmune or inflammatory disorders in 
PID patients are still challenging because of diffi-
cult treatment. Conventional immunosuppressive 
treatment approaches for autoimmune manifesta-
tions can be perilous for these immunodeficient 
patients.   Exploration of autoimmune disorders 
and their pathogenesis has been facilitated using 
the genetic and molecular assays. These methods 
can help us to find better diagnosis approaches 
and even more effective treatment for these com-
plications. Hence, early diagnosis of CVID and 
also appropriate treatment of CVID patients with 
autoimmunity are critical issues that should be 
considered in these patients. 

Conflict of interest
The authors declare no conflicts of interests in re-
gard with this study.

Acknowledgment
This research received no grant from any finan-
cial organizations or funding agency in the public, 
commercial or not-for-profit sectors. Also, there 
is no Financial & competing interest disclosure.

References
1. Cunningham-Rundles C, Maglione PJ. Com-

mon variable immunodeficiency. J Allergy 
Clin Immunol. 2012;129(5):1425-6 e3.

2. Geha RS, Notarangelo LD, Casanova JL, 
Chapel H, Conley ME, Fischer A, et al. Prima-
ry immunodeficiency diseases: an update from 
the International Union of Immunological So-
cieties Primary Immunodeficiency Diseases 
Classification Committee. J Allergy Clin Im-
munol. 2007;120(4):776-94.

3. Xiao X, Miao Q, Chang C, Gershwin ME, Ma 
X. Common variable immunodeficiency and 
autoimmunity–an inconvenient truth. Autoim-



CVID and AutoimmunitySoltani et al

www.igjournal.ir Immunol Genet J (2020) 3(2):12-2821

mun Rev. 2014;13(8):858-64.
4. Yazdani R, Habibi S, Sharifi L, Azizi G, Abol-

hassani H, Olbrich P, et al. Common Variable 
Immunodeficiency: Epidemiology, Pathogene-
sis, Clinical Manifestations, Diagnosis, Classi-
fication, and Management. J Investig Allergol 
Clin Immunol. 2020;30(1):14-34.

5. Cunningham-Rundles C, Bodian C. Common 
variable immunodeficiency: clinical and im-
munological features of 248 patients. Clin Im-
munol. 1999;92(1):34-48.

6. Busse PJ, Razvi S, Cunningham-Rundles C. 
Efficacy of intravenous immunoglobulin in 
the prevention of pneumonia in patients with 
common variable immunodeficiency. J Allergy 
Clin Immunol. 2002;109(6):1001-4.

7. Azizi G, Abolhassani H, Asgardoon MH, 
Alinia T, Yazdani R, Mohammadi J, et al. 
Autoimmunity in common variable immuno-
deficiency: epidemiology, pathophysiology 
and management. Expert Rev Clin Immunol. 
2017;13(2):101-15.

8. Quinti I, Soresina A, Spadaro G, Martino S, 
Donnanno S, Agostini C, et al. Long-term fol-
low-up and outcome of a large cohort of pa-
tients with common variable immunodeficien-
cy. J Clin Immunol. 2007;27(3):308-16.

9. Chapel H, Lucas M, Lee M, Bjorkander J, 
Webster D, Grimbacher B, et al. Common 
variable immunodeficiency disorders: divi-
sion into distinct clinical phenotypes. Blood. 
2008;112(2):277-86.

10. Boileau J, Mouillot G, Gérard L, Carmagnat 
M, Rabian C, Oksenhendler E, et al. Autoim-
munity in common variable immunodeficien-
cy: correlation with lymphocyte phenotype 
in the French DEFI study. J Autoimmun. 
2011;36(1):25-32.

11. Resnick ES, Moshier EL, Godbold JH, Cun-
ningham-Rundles C. Morbidity and mortality 
in common variable immune deficiency over 4 
decades. Blood. 2012;119(7):1650-7.

12. Ramirez-Vargas N, Arablin-Oropeza SE, Mo-

jica-Martinez D, Yamazaki-Nakashimada MA, 
de la Luz Garcia-Cruz M, Teran-Juarez LM, 
et al. Clinical and immunological features of 
common variable immunodeficiency in Mex-
ican patients. Allergol Immunopathol (Madr). 
2014;42(3):235-40.

13. Ho HE, Cunningham-Rundles C. Non-infec-
tious Complications of Common Variable Im-
munodeficiency: Updated Clinical Spectrum, 
Sequelae, and Insights to Pathogenesis. Front 
Immunol. 2020;11:149.

14. Gereige JD, Maglione PJ. Current Under-
standing and Recent Developments in Com-
mon Variable Immunodeficiency Associated 
Autoimmunity. Front Immunol. 2019;10:2753.

15. Karaj I. Common variable immunodeficien-
cy: epidemiology, pathogenesis, clinical man-
ifestations, diagnosis, classification and man-
agement. J Investig Allergol Clin Immunol. 
2020;30(1).

16. Warnatz K, Voll RE. Pathogenesis of autoim-
munity in common variable immunodeficien-
cy. Front Immunol. 2012;3:210.

17. Farrokhi AS, Aghamohammadi A, Pour-
hamdi S, Mohammadinejad P, Abolhassani H, 
Moazzeni SM. Evaluation of class switch re-
combination in B lymphocytes of patients with 
common variable immunodeficiency. J Immu-
nol Methods 2013;394(1-2):94-9.

18. Resnick ES, Cunningham-Rundles C. The 
many faces of the clinical picture of common 
variable immune deficiency. Curr Opin Allergy 
Clin Immunol. 2012;12(6):595-601.

19. OMIi M. Online Mendelian Inheritance in 
Man, OMIM. Baltimore, MD: McKusick-Na-
thans Institute of Genetic Medicine, Johns 
Hopkins University. 2016.

20. Castigli E, Wilson SA, Garibyan L, Rachid R, 
Bonilla F, Schneider L, et al. TACI is mutant in 
common variable immunodeficiency and IgA 
deficiency. Nat genet. 2005;37(8):829-34.

21. Salzer U, Chapel H, Webster A, Pan-Hammar-
ström Q, Schmitt-Graeff A, Schlesier M, et al. 



CVID and Autoimmunity Soltani et al

Immunol Genet J (2020) 3(2):12-28 www.igjournal.ir22

Mutations in TNFRSF13B encoding TACI are 
associated with common variable immunodefi-
ciency in humans. Nat genet. 2005;37(8):820-8.

22. Romberg N, Chamberlain N, Saadoun D, 
Gentile M, Kinnunen T, Ng YS, et al. CVID-as-
sociated TACI mutations affect autoreactive 
B cell selection and activation. J Clin Invest. 
2013;123(10):4283-93.

23. Zhang Y, Li J, Zhang YM, Zhang XM, Tao J. 
Effect of TACI signaling on humoral immuni-
ty and autoimmune diseases. J Immunol Res. 
2015;2015:247426.

24. Schubert D, Bode C, Kenefeck R, Hou TZ, 
Wing JB, Kennedy A, et al. Autosomal dom-
inant immune dysregulation syndrome in 
humans with CTLA4 mutations. Nat Med. 
2014;20(12):1410-6.

25. Lo B, Zhang K, Lu W, Zheng L, Zhang Q, 
Kanellopoulou C, et al. Patients with LRBA 
deficiency show CTLA4 loss and immune 
dysregulation responsive to abatacept therapy. 
Science. 2015;349(6246):436-40.

26. Lopez-Herrera G, Tampella G, Pan-Hammar-
strom Q, Herholz P, Trujillo-Vargas CM, Phad-
wal K, et al. Deleterious mutations in LRBA 
are associated with a syndrome of immune de-
ficiency and autoimmunity. Am J Hum Genet. 
2012;90(6):986-1001.

27. Serwas NK, Kansu A, Santos-Valente E, Ku-
loglu Z, Demir A, Yaman A, et al. Atypical 
manifestation of LRBA deficiency with pre-
dominant IBD-like phenotype. Inflamm Bowel 
Dis. 2015;21(1):40-7.

28. Charbonnier L-M, Janssen E, Chou J, Ohsu-
mi TK, Keles S, Hsu JT, et al. Regulatory 
T-cell deficiency and immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked–
like disorder caused by loss-of-function mu-
tations in LRBA. J Allergy Clin Immunol. 
2015;135(1):217-27. e9.

29. Schwab C, Gabrysch A, Olbrich P, Patiño V, 
Warnatz K, Wolff D, et al. Phenotype, pene-
trance, and treatment of 133 cytotoxic T-lym-

phocyte antigen 4–insufficient subjects. J Al-
lergy Clin Immunol. 2018;142(6):1932-46.

30. Yazdani R, Abolhassani H, Kiaee F, Habibi S, 
Azizi G, Tavakol M, et al. Comparison of Com-
mon Monogenic Defects in a Large Predomi-
nantly Antibody Deficiency Cohort. J Allergy 
Clin Immunol Pract. 2019;7(3):864-78.e9.

31. Yazdani R, Abolhassani H, Rezaei N, Azizi 
G, Hammarström L, Aghamohammadi A. 
Evaluation of Known Defective Signaling-As-
sociated Molecules in Patients Who Primarily 
Diagnosed as Common Variable Immunodefi-
ciency. Int Rev Immunol. 2016;35(1):7-24.

32. Fruman DA, Chiu H, Hopkins BD, Bagrodia S, 
Cantley LC, Abraham RT. The PI3K pathway in 
human disease. Cell. 2017;170(4):605-35.

33. Preite S, Gomez-Rodriguez J, Cannons JL, 
Schwartzberg PL. T and B-cell signaling in 
activated PI3K delta syndrome: From immu-
nodeficiency to autoimmunity. Immunol Rev. 
2019;291(1):154-73.

34. Thauland TJ, Pellerin L, Ohgami RS, Bac-
chetta R, Butte MJ. Case Study: Mechanism 
for Increased Follicular Helper T Cell Devel-
opment in Activated PI3K Delta Syndrome. 
Front Immunol. 2019;10:753.

35. Coulter TI, Chandra A, Bacon CM, Babar J, 
Curtis J, Screaton N, et al. Clinical spectrum and 
features of activated phosphoinositide 3-kinase 
delta syndrome: A large patient cohort study. J 
Allergy Clin Immunol. 2017;139(2):597-606 e4.

36. Zhang Q, Lenardo MJ, Baltimore D. 30 years 
of NF-κB: a blossoming of relevance to human 
pathobiology. Cell. 2017;168(1-2):37-57.

37. Scott O, Roifman CM. NF-κB pathway and 
the Goldilocks principle: Lessons from human 
disorders of immunity and inflammation. J Al-
lergy Clin Immunol. 2019;143(5):1688-701.

38. Tuijnenburg P, Allen HL, Burns SO, Greene 
D, Jansen MH, Staples E, et al. Loss-of-func-
tion nuclear factor κB subunit 1 (NFKB1) 
variants are the most common monogenic 
cause of common variable immunodeficien-



CVID and AutoimmunitySoltani et al

www.igjournal.ir Immunol Genet J (2020) 3(2):12-2823

cy in Europeans. J Allergy Clin Immunol. 
2018;142(4):1285-96.

39. Fliegauf M, Bryant VL, Frede N, Slade C, 
Woon S-T, Lehnert K, et al. Haploinsufficiency 
of the NF-κB1 subunit p50 in common vari-
able immunodeficiency. Am J Hum Genet. 
2015;97(3):389-403.

40. Chen K, Coonrod EM, Kumánovics A, Franks 
ZF, Durtschi JD, Margraf RL, et al. Germline 
mutations in NFKB2 implicate the noncanon-
ical NF-κB pathway in the pathogenesis of 
common variable immunodeficiency. Am J 
Hum Genet. 2013;93(5):812-24.

41. Grimbacher B, Hutloff A, Schlesier M, Glock-
er E, Warnatz K, Dräger R, et al. Homozygous 
loss of ICOS is associated with adult-onset 
common variable immunodeficiency. Nat im-
munol. 2003;4(3):261-8.

42. Clemente A, Pons J, Lanio N, Cunill V, Fron-
tera G, Crespi C, et al. Increased STAT3 phos-
phorylation on CD27(+) B-cells from common 
variable immunodeficiency disease patients. 
Clin Immunol. 2015;161(2):77-88.

43. Yazdani R, Seify R, Ganjalikhani-Hakemi M, 
Abolhassani H, Eskandari N, Golsaz-Shirazi 
F, et al. Comparison of various classifications 
for patients with common variable immu-
nodeficiency (CVID) using measurement of 
B-cell subsets. Allergol Immunopathol (Madr). 
2017;45(2):183-92.

44. Azizi G, Rezaei N, Kiaee F, Tavakolinia N, 
Yazdani R, Mirshafiey A, et al. T-Cell Ab-
normalities in Common Variable Immuno-
deficiency. J Investig Allergol Clin Immunol. 
2016;26(4):233-43.

45. Boileau J, Mouillot G, Gerard L, Carmagnat 
M, Rabian C, Oksenhendler E, et al. Autoim-
munity in common variable immunodeficien-
cy: correlation with lymphocyte phenotype 
in the French DEFI study. J Autoimmun. 
2011;36(1):25-32.

46. Al Kindi M, Mundy J, Sullivan T, Smith W, 
Kette F, Smith A, et al. Utility of peripheral 

blood B cell subsets analysis in common vari-
able immunodeficiency. Clin Exp Immunol. 
2012;167(2):275-81.

47. Ahn S, Cunningham-Rundles C. Role of B 
cells in common variable immune deficiency. 
Expert Rev Clin Immunol. 2009;5(5):557-64.

48. Alachkar H, Taubenheim N, Haeney MR, 
Durandy A, Arkwright PD. Memory switched 
B cell percentage and not serum immunoglob-
ulin concentration is associated with clini-
cal complications in children and adults with 
specific antibody deficiency and common 
variable immunodeficiency. Clin Immunol. 
2006;120(3):310-8.

49. Sanchez-Ramon S, Radigan L, Yu JE, Bard 
S, Cunningham-Rundles C. Memory B cells in 
common variable immunodeficiency: clinical 
associations and sex differences. Clin Immu-
nol. 2008;128(3):314-21.

50. Wehr C, Eibel H, Masilamani M, Illges 
H, Schlesier M, Peter HH, et al. A new CD-
21low B cell population in the peripheral 
blood of patients with SLE. Clin Immunol. 
2004;113(2):161-71.

51. Terrier B, Joly F, Vazquez T, Benech P, 
Rosenzwajg M, Carpentier W, et al. Expansion 
of functionally anergic CD21-/low margin-
al zone-like B cell clones in hepatitis C virus 
infection-related autoimmunity. J Immunol. 
2011;187(12):6550-63.

52. Warnatz K, Wehr C, Drager R, Schmidt 
S, Eibel H, Schlesier M, et al. Expansion of 
CD19(hi)CD21(lo/neg) B cells in common 
variable immunodeficiency (CVID) patients 
with autoimmune cytopenia. Immunobiology. 
2002;206(5):502-13.

53. Rakhmanov M, Keller B, Gutenberger S, Fo-
erster C, Hoenig M, Driessen G, et al. Circu-
lating CD21low B cells in common variable 
immunodeficiency resemble tissue homing, 
innate-like B cells. Proc Natl Acad Sci U S A. 
2009;106(32):13451-6.

54. Abolhassani H, Amirkashani D, Parvaneh N, 



CVID and Autoimmunity Soltani et al

Immunol Genet J (2020) 3(2):12-28 www.igjournal.ir24

Mohammadinejad P, Gharib B, Shahinpour S, 
et al. Autoimmune phenotype in patients with 
common variable immunodeficiency. J Inves-
tig Allergol Clin Immunol. 2013;23(5):323-9.

55. Picchianti Diamanti A, Rosado MM, Scar-
sella M, Ceccarelli S, Lagana B, D’Amelio R, 
et al. Increased serum IgM, immunodeficiency, 
and autoimmunity: A clinical series. Int J Im-
munopathol Pharmacol. 2015;28(4):547-56.

56. Mackay F, Woodcock SA, Lawton P, Am-
brose C, Baetscher M, Schneider P, et al. Mice 
transgenic for BAFF develop lymphocytic dis-
orders along with autoimmune manifestations. 
J Exp Med. 1999;190(11):1697-710.

57. Mackay F, Browning JL. BAFF: a fundamen-
tal survival factor for B cells. Nat Rev Immu-
nol. 2002;2(7):465-75.

58. Thien M, Phan TG, Gardam S, Amesbury 
M, Basten A, Mackay F, et al. Excess BAFF 
rescues self-reactive B cells from peripheral 
deletion and allows them to enter forbidden 
follicular and marginal zone niches. Immunity. 
2004;20(6):785-98.

59. Matsushita T, Hasegawa M, Yanaba K, Ko-
dera M, Takehara K, Sato S. Elevated serum 
BAFF levels in patients with systemic scle-
rosis: enhanced BAFF signaling in systemic 
sclerosis B lymphocytes. Arthritis Rheum. 
2006;54(1):192-201.

60. Mackay F, Schneider P. Cracking the BAFF 
code. Nat Rev Immunol. 2009;9(7):491-502.

61. Knight AK, Radigan L, Marron T, Langs A, 
Zhang L, Cunningham-Rundles C. High serum 
levels of BAFF, APRIL, and TACI in common 
variable immunodeficiency. Clin Immunol. 
2007;124(2):182-9.

62. Azizi G, Kiaee F, Hedayat E, Yazdani R, 
Dolatshahi E, Alinia T, et al. Rheumatologic 
complications in a cohort of 227 patients with 
common variable immunodeficiency. Scand J 
Immunol. 2018;87(5):e12663.

63. Bateman EA, Ayers L, Sadler R, Lucas M, 
Roberts C, Woods A, et al. T cell phenotypes 

in patients with common variable immunode-
ficiency disorders: associations with clinical 
phenotypes in comparison with other groups 
with recurrent infections. Clin Exp Immunol. 
2012;170(2):202-11.

64. Arumugakani G, Wood PM, Carter CR. Fre-
quency of Treg cells is reduced in CVID patients 
with autoimmunity and splenomegaly and is as-
sociated with expanded CD21lo B lymphocytes. 
J Clin Immunol. 2010;30(2):292-300.

65. Xiao X, Miao Q, Chang C, Gershwin ME, 
Ma X. Common variable immunodeficiency 
and autoimmunity--an inconvenient truth. Au-
toimmun Rev. 2014;13(8):858-64.

66. Genre J, Errante PR, Kokron CM, Tole-
do-Barros M, Camara NO, Rizzo LV. Reduced 
frequency of CD4(+)CD25(HIGH)FOXP3(+) 
cells and diminished FOXP3 expression in 
patients with Common Variable Immunodefi-
ciency: a link to autoimmunity? Clin Immunol. 
2009;132(2):215-21.

67. Mouillot G, Carmagnat M, Gerard L, Garnier 
JL, Fieschi C, Vince N, et al. B-cell and T-cell 
phenotypes in CVID patients correlate with the 
clinical phenotype of the disease. J Clin Immu-
nol. 2010;30(5):746-55.

68. Arandi N, Mirshafiey A, Abolhassani H, Jed-
di-Tehrani M, Edalat R, Sadeghi B, et al. Fre-
quency and expression of inhibitory markers of 
CD4(+) CD25(+) FOXP3(+) regulatory T cells 
in patients with common variable immunodefi-
ciency. Scand J Immunol. 2013;77(5):405-12.

69. Yu GP, Chiang D, Song SJ, Hoyte EG, Huang 
J, Vanishsarn C, et al. Regulatory T cell dys-
function in subjects with common variable im-
munodeficiency complicated by autoimmune 
disease. Clin Immunol. 2009;131(2):240-53.

70. Crotty S. T Follicular Helper Cell Biology: A 
Decade of Discovery and Diseases. Immunity. 
2019;50(5):1132-48.

71. Sharifi L, Tavakolinia N, Kiaee F, Rezaei N, 
Mohsenzadegan M, Azizi G, et al. A Review on 
Defects of Dendritic Cells in Common Variable 



CVID and AutoimmunitySoltani et al

www.igjournal.ir Immunol Genet J (2020) 3(2):12-2825

Immunodeficiency. Endocr Metab Immune Dis-
ord Drug Targets. 2017;17(2):100-13.

72. Yong PF, Workman S, Wahid F, Exley A, 
Webster ADB, Ibrahim MA. Selective defi-
cits in blood dendritic cell subsets in com-
mon variable immunodeficiency and X-linked 
agammaglobulinaemia but not specific poly-
saccharide antibody deficiency. Clin Immunol. 
2008;127(1):34-42.

73. Bayry J, Lacroix-Desmazes S, Kazatchkine 
MD, Galicier L, Lepelletier Y, Webster D, et al. 
Common variable immunodeficiency is associ-
ated with defective functions of dendritic cells. 
Blood. 2004;104(8):2441-3.

74. Cunningham-Rundles C, Radigan L. Defi-
cient IL-12 and dendritic cell function in com-
mon variable immune deficiency. Clin Immu-
nol. 2005;115(2):147-53.

75. Park J, Munagala I, Xu H, Blankenship D, 
Maffucci P, Chaussabel D, et al. Interferon 
signature in the blood in inflammatory com-
mon variable immune deficiency. PloS one. 
2013;8(9).

76. Mahmoudi M, Hedayat M, Aghamohammadi 
A, Rezaei N. Soluble CD26 and CD30 levels 
in patients with common variable immuno-
deficiency. J Investig Allergol Clin Immunol. 
2013;23(2):120-4.

77. Cambronero R, Sewell WC, North ME, Web-
ster ADB, Farrant J. Up-regulation of IL-12 
in monocytes: a fundamental defect in com-
mon variable immunodeficiency. J Immunol. 
2000;164(1):488-94.

78. Mullighan CG, Marshall SE, Welsh KI. Man-
nose binding lectin polymorphisms are as-
sociated with early age of disease onset and 
autoimmunity in common variable immunode-
ficiency. Scand J Immunol. 2000;51(2):111-22.

79. Cols M, Rahman A, Maglione PJ, Garcia-Car-
mona Y, Simchoni N, Ko HM, et al. Expansion 
of inflammatory innate lymphoid cells in pa-
tients with common variable immune deficien-
cy. J Allergy Clin Immunol. 2016;137(4):1206-

15.e6.
80. AUKKUST P, Müller F, Frøland S. En-

hanced generation of reactive oxygen species 
in monocytes from patients with common vari-
able immunodeficiency. Clin Exp Immunol. 
1994;97(2):232-8.

81. Sharifi L, Mirshafiey A, Rezaei N, Azizi G, 
Magaji Hamid K, Amirzargar AA, et al. The 
role of toll-like receptors in B-cell develop-
ment and immunopathogenesis of common 
variable immunodeficiency. Expert Rev Clin 
Immunol. 2016;12(2):195-207.

82. Isnardi I, Ng Y-S, Srdanovic I, Motaghedi R, 
Rudchenko S, von Bernuth H, et al. IRAK-4-and 
MyD88-dependent pathways are essential for the 
removal of developing autoreactive B cells in hu-
mans. Immunity. 2008;29(5):746-57.

83. Blanco P, Palucka AK, Gill M, Pascual V, 
Banchereau J. Induction of dendritic cell dif-
ferentiation by IFN-α in systemic lupus ery-
thematosus. Science. 2001;294(5546):1540-3.

84. Abraham RS, Podjasek JC. Autoimmune cy-
topenias in common variable immunodeficien-
cy. Front Immunol. 2012;3:189.

85. Mantadakis E, Farmaki E, Taparkou A, 
Chatzimichael A, Speletas M. Common vari-
able immune deficiency with mutated TNFS-
RF13B gene presenting with autoimmune he-
matologic manifestations. J Pediatr Hematol 
Oncol. 2016;1(4):83-5.

86. Resnick ES, Moshier EL, Godbold JH, Cun-
ningham-Rundles C. Morbidity and mortal-
ity in common variable immune deficiency 
over 4 decades. Blood, Am Soc Hematol. 
2012;119(7):1650-7.

87. Odnoletkova I, Kindle G, Quinti I, Grimbach-
er B, Knerr V, Gathmann B, et al. The burden 
of common variable immunodeficiency disor-
ders: a retrospective analysis of the European 
Society for Immunodeficiency (ESID) registry 
data. Orphanet J Rare Dis. 2018;13(1):201.

88. Feuille EJ, Anooshiravani N, Sullivan KE, 
Fuleihan RL, Cunningham-Rundles C. Auto-



CVID and Autoimmunity Soltani et al

Immunol Genet J (2020) 3(2):12-28 www.igjournal.ir26

immune Cytopenias and Associated Condi-
tions in CVID: a Report From the USIDNET 
Registry. J Clin Immunol. 2018;38(1):28-34.

89. Agarwal S, Cunningham-Rundles C. Autoim-
munity in common variable immunodeficiency. 
Curr Allergy Asthma Rep. 2009;9(5):347-52.

90. Pituch-Noworolska A, Siedlar M, Kowal-
czyk D, Szaflarska A, Błaut-Szlósarczyk A, 
Zwonarz K. Thrombocytopenia in common 
variable immunodeficiency patients–clinical 
course, management, and effect of immuno-
globulins. Cent Eur J Immunol. 2015;40(1):83.

91. Papageorgiou A, Ziakas P, Tzioufas A, Voul-
garelis M. Indications for bone marrow ex-
amination in autoimmune disorders with con-
current haematologic alterations. Clin Exp 
Rheumatol. 2013;31(1):76-83.

92. Jubelirer SJ, Harpold R. The role of the bone 
marrow examination in the diagnosis of im-
mune thrombocytopenic purpura: case series 
and literature review. Clin Appl Thromb He-
most. 2002;8(1):73-6.

93. Agarwal S, Cunningham-Rundles C. Au-
toimmunity in common variable immuno-
deficiency. Ann Allergy Asthma Immunol. 
2019;123(5):454-60.

94. Allenspach E, Torgerson TR. Autoimmunity 
and Primary Immunodeficiency Disorders. J 
Clin Immunol. 2016;36 Suppl 1(1):57-67.

95. Lechner K, Jäger U. How I treat autoimmune 
hemolytic anemias in adults. Blood, Am Soc 
Hematol. 2010;116(11):1831-8.

96. Wang J, Cunningham-Rundles C. Treatment 
and outcome of autoimmune hematologic dis-
ease in common variable immunodeficiency 
(CVID). J Autoimmun. 2005;25(1):57-62.

97. Scheuerlein P, Pietsch L, Camacho-Ordonez 
N, Reiser V, Patel S, Burns SO, et al. is it safe 
to switch From intravenous immunoglobulin 
to subcutaneous immunoglobulin in Patients 
With common Variable immunodeficiency and 
autoimmune Thrombocytopenia? Front Immu-
nol. 2018;9:1656.

98. Gobert D, Bussel JB, Cunningham- Run-
dles C, Galicier L, Dechartres A, Berezne 
A, et al. Efficacy and safety of rituximab in 
common variable immunodeficiency-associ-
ated immune cytopenias: a retrospective mul-
ticentre study on 33 patients. Br J Haematol. 
2011;155(4):498-508.

99. Ghanima W, Godeau B, Cines DB, Bussel 
JB. How I treat immune thrombocytopenia: 
the choice between splenectomy or a medical 
therapy as a second-line treatment. Blood, Am 
Soc Hematol. 2012;120(5):960-9.

100. Wong GK, Goldacker S, Winterhalter C, 
Grimbacher B, Chapel H, Lucas M, et al. Out-
comes of splenectomy in patients with com-
mon variable immunodeficiency (CVID): a 
survey of 45 patients. Clin Exp Immunol. 
2013;172(1):63-72.

101. Uzzan M, Ko HM, Mehandru S, Cunning-
ham-Rundles C. Gastrointestinal Disorders 
Associated with Common Variable Immune 
Deficiency (CVID) and Chronic Granuloma-
tous Disease (CGD). Curr Gastroenterol Rep. 
2016;18(4):17.

102. Daniels JA, Lederman HM, Maitra A, Mont-
gomery EA. Gastrointestinal tract pathology in 
patients with common variable immunodefi-
ciency (CVID): a clinicopathologic study and 
review. Am J Surg Pathol. 2007;31(12):1800-
12.

103. Jørgensen SF, Reims HM, Frydenlund D, 
Holm K, Paulsen V, Michelsen AE, et al. A 
cross-sectional study of the prevalence of gas-
trointestinal symptoms and pathology in pa-
tients with common variable immunodeficien-
cy. Am J Gastroenterol. 2016;111(10):1467-75.

104. Agarwal S, Smereka P, Harpaz N, Cun-
ningham-Rundles C, Mayer L. Characteriza-
tion of immunologic defects in patients with 
common variable immunodeficiency (CVID) 
with intestinal disease. Inflamm Bowel Dis. 
2011;17(1):251-9.

105. Mannon PJ, Fuss IJ, Dill S, Friend J, Groden 



CVID and AutoimmunitySoltani et al

www.igjournal.ir Immunol Genet J (2020) 3(2):12-2827

C, Hornung R, et al. Excess IL-12 but not IL-23 
accompanies the inflammatory bowel disease 
associated with common variable immunodefi-
ciency. Gastroenterology. 2006;131(3):748-56.

106. Oksenhendler E, Gerard L, Fieschi C, 
Malphettes M, Mouillot G, Jaussaud R, et 
al. Infections in 252 patients with common 
variable immunodeficiency. Clin Infect Dis. 
2008;46(10):1547-54.

107. Elnachef N, McMorris M, Chey WD. Suc-
cessful treatment of common variable immu-
nodeficiency disorder-associated diarrhea with 
budesonide: a case report. Am J Gastroenterol. 
2007;102(6):1322-5.

108. Agarwal S, Mayer L. Pathogenesis and treat-
ment of gastrointestinal disease in antibody de-
ficiency syndromes. J Allergy Clin Immunol. 
2009;124(4):658-64.

109. Sanges M, Spadaro G, Miniero M, Mattera 
D, Sollazzo R, D’armiento F, et al. Efficacy of 
subcutaneous immunoglobulins in primary im-
munodeficiency with Crohn’s-like phenotype: 
report of a case. Eur Rev Med Pharmacol Sci. 
2015;19(14):2641-5.

110. Cunningham-Rundles C, Bodian C. Com-
mon variable immunodeficiency: clinical and 
immunological features of 248 patients. Clin 
Immunol. 1999;92(1):34-48.

111. Agarwal S, Mayer L. Diagnosis and treat-
ment of gastrointestinal disorders in patients 
with primary immunodeficiency. Clin Gastro-
enterol Hepatol. 2013;11(9):1050-63.

112. Song J, Lleo A, Yang GX, Zhang W, Bowlus 
CL, Gershwin ME, et al. Common Variable Im-
munodeficiency and Liver Involvement. Clin 
Rev Allergy Immunol. 2018;55(3):340-51.

113. Daniels JA, Torbenson M, Vivekanandan 
P, Anders RA, Boitnott JK. Hepatitis in com-
mon variable immunodeficiency. Hum Pathol. 
2009;40(4):484-8.

114. Giannouli S, Anagnostou D, Soliotis F, 
Voulgarelis M. Autoimmune manifestations 
in common variable immunodeficiency. Clin 

Rheumatol. 2004;23(5):449-52.
115. Swierkot J, Lewandowicz-Uszynska A, 

Chlebicki A, Szmyrka-Kaczmarek M, Polans-
ka B, Jankowski A, et al. Rheumatoid arthritis 
in a patient with common variable immuno-
deficiency: difficulty in diagnosis and therapy. 
Clin Rheumatol. 2006;25(1):92-4.

116. Gutierrez MJ, Sullivan KE, Fuleihan R, 
Consortium U, Bingham CO, 3rd. Phenotyp-
ic characterization of patients with rheuma-
tologic manifestations of common variable 
immunodeficiency. Semin Arthritis Rheum. 
2018;48(2):318-26.

117. Maglione PJ. Autoimmune and Lymphopro-
liferative Complications of Common Variable 
Immunodeficiency. Curr Allergy Asthma Rep. 
2016;16(3):19.

118. Sordet C, Cantagrel A, Schaeverbeke T, 
Sibilia J. Bone and joint disease associated 
with primary immune deficiencies. Joint Bone 
Spine. 2005;72(6):503-14.

119. Lopes-da-Silva S, Rizzo LV. Autoimmunity 
in common variable immunodeficiency. J Clin 
Immunol. 2008;28 Suppl 1:S46-55.

120. Popa V, Nagy SM, Jr. Immediate hypersen-
sitivity in adults with IgG deficiency and recur-
rent respiratory infections. Ann Allergy Asth-
ma Immunol. 1999;82(6):567-73.

121. Thickett KM, Kumararatne DS, Banerjee 
AK, Dudley R, Stableforth DE. Common vari-
able immune deficiency: respiratory manifesta-
tions, pulmonary function and high-resolution 
CT scan findings. QJM. 2002;95(10):655-62.

122. Yazdani R, Heydari A, Azizi G, Abolhassani 
H, Aghamohammadi A. Asthma and Allergic 
Diseases in a Selected Group of Patients With 
Common Variable Immunodeficiency. J Inves-
tig Allergol Clin Immunol. 2016;26(3):209-
11.

123. Fekrvand S, Abolhassani H, Delavari S, 
Yazdani R, Aghamohammadi A. Are asth-
ma and allergic diseases phenotypic markers 
for patients with common variable immuno-



CVID and Autoimmunity Soltani et al

Immunol Genet J (2020) 3(2):12-28 www.igjournal.ir28

deficiency? Ann Allergy Asthma Immunol. 
2020;124(6):636.

124. Pandit C, Hsu P, van Asperen P, Mehr S. 
Respiratory manifestations and management 
in children with Common Variable Immunode-
ficiency. Paediatr Respir Rev. 2016;19:56-61.

125. Cha SI, Fessler MB, Cool CD, Schwarz MI, 
Brown KK. Lymphoid interstitial pneumonia: 
clinical features, associations and prognosis. 
Eur Respir J. 2006;28(2):364-9.

126. Liebow AA, Carrington CB. Diffuse pul-
monary lymphoreticular infiltrations associat-
ed with dysproteinemia. Med Clin North Am. 
1973;57(3):809-43.

127. Fernandez Perez ER. Granulomatous lym-
phocytic interstitial lung disease. Immunol Al-
lergy Clin North Am. 2012;32(4):621-32.

128. Park JH, Levinson AI. Granulomatous-lym-
phocytic interstitial lung disease (GLILD) in 
common variable immunodeficiency (CVID). 
Clin Immunol. 2010;134(2):97-103.

129. Chase NM, Verbsky JW, Hintermeyer MK, 
Waukau JK, Tomita-Mitchell A, Casper JT, et 
al. Use of combination chemotherapy for treat-
ment of granulomatous and lymphocytic inter-
stitial lung disease (GLILD) in patients with 
common variable immunodeficiency (CVID). 
J Clin Immunol. 2013;33(1):30-9.

130. Kohler PF, Cook RD, Brown WR, Manguso 
RL. Common variable hypogammaglobulin-
emia with T-cell nodular lymphoid interstitial 
pneumonitis and B-cell nodular lymphoid hy-

perplasia: different lymphocyte populations 
with a similar response to prednisone therapy. 
J Allergy Clin Immunol. 1982;70(4):299-305.

131. Bates CA, Ellison MC, Lynch DA, Cool CD, 
Brown KK, Routes JM. Granulomatous-lym-
phocytic lung disease shortens survival in 
common variable immunodeficiency. J Allergy 
Clin Immunol. 2004;114(2):415-21.

132. Megna M, Pecoraro A, Balato N, Villani A, 
Crescenzi L, Balato A, et al. Psoriasis in a co-
hort of patients with common variable immu-
nodeficiency. Br J Dermatol. 2019;180(4):935-
6.

133. Gualdi G, Lougaris V, Baronio M, Vitali M, 
Tampella G, Moratto D, et al. Burden of Skin 
Disease in Selective IgA Deficiency and Com-
mon Variable Immunodeficiency. J Investig 
Allergol Clin Immunol. 2015;25(5):369-71.

134. Paquin-Proulx D, Sandberg JK. Persistent 
Immune Activation in CVID and the Role 
of IVIg in Its Suppression. Front Immunol. 
2014;5:637.

135. Jindal AK, Rawat A, Sharma A, Dogra S, 
Suri D, Singh S. Psoriasis: An Unusual Auto-
immune Manifestation in a Boy with Common 
Variable Immunodeficiency. Indian Dermatol 
Online J. 2017;8(4):292-4.

136. Plana Pla A, Bassas-Vila J, Roure S, Ferran-
diz C. Necrotizing and sarcoidal granulomas 
in the skin and synovial membrane, associat-
ed with common variable immunodeficiency. 
Clin Exp Dermatol. 2015;40(4):379-82.




